NADPH oxidase subunit 4 mediates cycling hypoxia-promoted radiation resistance in glioblastoma multiforme.
Cycling hypoxia is a well-recognized phenomenon within animal and human solid tumors. It mediates tumor progression and radiotherapy resistance through mechanisms that involve reactive oxygen species (ROS) production. However, details of the mechanism underlying cycling hypoxia-mediated radioresistance remain obscure. We have previously shown that in glioblastoma, NADPH oxidase subunit 4 (Nox4) is a critical mediator involved in cycling hypoxia-mediated ROS production and tumor progression. Here, we examined the impact of an in vivo tumor microenvironment on Nox4 expression pattern and its impact on radiosensitivity in GBM8401 and U251, two glioblastoma cell lines stably transfected with a dual hypoxia-inducible factor-1 (HIF-1) signaling reporter construct. Furthermore, in order to isolate hypoxic tumor cell subpopulations from human glioblastoma xenografts based on the physiological and molecular characteristics of tumor hypoxia, several techniques were utilized. In this study, the perfusion marker Hoechst 33342 staining and HIF-1 activation labeling were used together with immunofluorescence imaging and fluorescence-activated cell sorting (FACS). Our results revealed that Nox4 was predominantly highly expressed in the endogenous cycling hypoxic areas with HIF-1 activation and blood perfusion within the solid tumor microenvironment. Moreover, when compared to the normoxic or chronic hypoxic cells, the cycling hypoxic tumor cells derived from glioblastoma xenografts have much higher Nox4 expression, ROS levels, and radioresistance. Nox4 suppression in intracerebral glioblastoma-bearing mice suppressed tumor microenvironment-mediated radioresistance and enhanced the efficiency of radiotherapy. In summary, our findings indicated that cycling hypoxia-induced Nox4 plays an important role in tumor microenvironment-promoted radioresistance in glioblastoma; hence, targeting Nox4 may be an attractive therapeutic strategy for blocking cycling hypoxia-mediated radioresistance.